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within structural shear or fault zones along which amphibolite-
grade rocks have commonly undergone retrograde metamorph-
isrn to chlorite-bearing assemblages (see Figure 6.2). The host
rocks are generally linear or pod-shaped within the structural
zones. The principal U-bearing phase is uraninite. Gold is lo-
cally an important accessory mineral in the Alligator Rivers
district, whereas Ni, As, and Ag are important in some of the
deposits of northern Saskatchewan. These deposits generally
"bottom out" with increasing depth below the unconformity,
although the Jabiluka deposit in the Alligator Rivers district
extends below the unconformity several hundred feet within
the same stratigraphic horizon. The deposits range in size up
to more than 400 million pounds of U3O8 at grades from 0.20
to more than 2 percent U3O8 (Nash, 1978). Recent exploration
activity in the Athabasca region has identified substantial mi-
neralization within the overlying unmetamorphosed and gen-
erally undeformed middle Proterozoic clastic sandstones. A
several-foot-thick zone within the lower Proterozoic metamor-
phics immediately below the unconformity and containing much
of the ore is interpreted to be a regolith zone.

Numerous isotopic dates near 1000 million years (m.y.) for
ores from these two districts indicate that the most recent
important mineralizing events occurred well after the middle
Proterozoic (Knipping, 1974). Other dates, extending back to
approximately 2 billion years, suggest a long period of inter-
mittent remobilization. Although recent and important miner-
alizing events occurred after the period of middle Proterozoic
erosion and sedimentation, it is unclear what events occurred
prior to these events and what significance they hold for the
genesis of these deposits. One school of thought attributes the
formation of the deposit entirely to groundwaters circulating
during and following the middle Proterozoic erosion, weath-
ering, and sedimentation. Others suggest that these middle
and late Proterozoic events further concentrated U occurrences
that were formed during the lower Proterozoic period of me-
tamorphism. The strata-related deposits, such as Beaverlodge
and Jabiluka, therefore may be precursors through dissolution,
redistribution, and enrichment to those that are directly related
to the uncomformity. This question has not been resolved and
is an important subject for future research.

Deposits in high-grade metamorphic rocks, the migmatitic
type, are found in deformed, lower Proterozoic sediments con-
taining local to widespread occurrences of pegmatite or alaskite
masses. These rock types may be cut by later igneous rocks

that are generally barren of U. Uraninite is reportedly the
principal radioactive phase that occurs in the pegmatite or
alaskitic bodies. The deposits in Quebec are low grade, gen-
erally in the range of 0.035 wt. % U3O8. The Rossing deposit,
southwest Africa, is locally somewhat higher grade, possibly
because of secondary enrichment. These deposits are appar-
ently the result of metamorphism, partial melting, and the
fractionation of U into the pegmatitic or alaskitic phase. There
is some evidence that the source sediments in the two districts
are of similar age. However, data on the U content of the
original sediments and on processes of concentration are lack-
ing.

The empirical observation that major U deposits occur at,
or below, the unconformity at the base of the middle Proter-
ozoic is ample justification for concentrating exploration on
rocks of that age. Why this particular hiatus and its associated
lithologies, deformation, alteration, and metamorphism should
be so .productive needs to be investigated through a series of
carefully designed research projects. Careful mapping and de-
scriptions of the deposits are gradually becoming available and
will provide the necessary basis for successful research. Within
this geologic, structural, and mineralogic framework the spe-
cific physical and chemical ore-forming processes can be de-
coded, leading to the development of improved exploration
criteria. Geological arguments related to the evolution of the
earth's atmosphere suggest that favorable environments may
be of specific ages.

Detailed field studies of the large, low-grade deposits that
occur in terrains of migmitization and partial melting should
improve exploration for these types of deposits. Although low
grade, the size of these deposits makes them amenable to large-
scale mining operations or possibly in situ leaching techniques.
Successful exploration and exploitation will, however, only be
realized when the occurrence, distribution, and mineralogy of
the deposits is better understood and predicted with a greater
success.

Quartz-pebble conglomerates that contain Au and U depos-
its, such as Blind River, Canada, and the Witwatersrand in
South Africa, are largely the result of sedimentary processes.
However, the precise history of the U accumulation in these
sediments is less convincing than for the Au content and there
is evidence that postdepositional processes were crucial in the
development of the U-ore deposits. The important U-bearing
phase, brannerite, in the Blind River deposits is clearly of

FIGURE 6.2   A schematic diagram of the
structural position of many Proterozoic U ores.
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